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Fig. S1. Root mean square error of standardized country-level yield anomalies for maize and wheat. Table S1 . Explained variances and RMSE of maize country-level yield anomalies. Table S2 . Explained variances and RMSE of wheat country-level yield anomalies. Table S3 . List of extreme events considered in this study. Fig S1 Root mean square error of standardized country-level yield anomalies for maize (a) and wheat (b) . RMSE values between four different LPJmL simulations (see Table 1 ) and observed FAO yield anomaly time series (1980 -2010) are highlighted for the 10 main producer countries showing highest weather sensitivity (see Table S1 , S2 for all main producer countries). Statistical significance of the explained variance is indicated through chart symbols (large dots if p-value < 0.001; small dots if p-value < 0.1; circle if not significant, i.e. p-value ≥ 0.1).
Mean RMSE values across displayed most weather-sensitive main producers (and across all main producers in brackets) are shown in the bottom-right corner.
. .Figure 1 , but here shown as cumulative ratios across an increasing number of countries, starting from the single most weather-sensitive country to all main producers. Red lines illustrates the overall model improvement realized in this study (i.e. LPJmL-Ref to LPJmL-PHU), shown as the ratio of Scen4 and Scen2. This underpins the statement in the main text that the explained variance in maize simulations roughly doubles across all main producer countries. The green line illustrates the increase in explained variance due to the growing season adjustment (i.e. LPJmL-WaterLimIrr to LPJmL-PHU) compared to the increase due to considering water stress (i.e. LPJmL-NoWaterStress to LPJmL-WaterLimIrr), shown as (Scen4 − Scen3)/(Scen3 − Scen1). This supports the statement in the main text that the growing season adjustment improves the explained variance for maize to about the same degree as the representation of water stress. For wheat, panel b highlights that the growing season adjustment becomes more important toward the lower end of weather sensitivity.
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. . , respectively. "MIRCA maxarea" refers to the MIRCA growing season with the largest cropland area associated, "MIRCA winter" and "MIRCA spring" refer to winter or spring crops (only wheat), "MIRCA season 1 -3" refer to the first, second, or third season listed. "LPJmL -Calculated" refers to growing seasons calculated by the LPJmL-Ref model used as input in LPJmL-PHU, and the "Best season" refers to the per-country selection of the season that leads to the highest correlation between simulated and observed yield anomalies across the seven previous options (the default setup for LPJmL-PHU in this paper as described in Table 1 ). The dashed line represents LPJmL-WaterLimIrr (LPJmL-Ref phenology but water constraints as in LPJmL-PHU) as shown in Figure 1 . The difference between the red and the dashed line thus illustrates the model improvement solely due to spatially-resolved PHUs (i.e. without contributions from MIRCA2000 crop calendar dates). R 2 values in the top-right corner indicate the mean value across displayed countries.
. .
Fig S5
Best-performing crop calendar per country. For maize (a) and wheat (b), countries are associated with the crop calendar -i.e. MIRCA2000 or LPJmL-calculated -that leads to the highest correlation between simulated and observed yield anomalies when used as input in the LPJmL-PHU model (see Material and Methods). Main producer countries, that collectively provide ≥90% of the respective global production, are highlighted through more saturated hues. Grid cells in which the respective crop is not simulated are masked. The legend table differentiates for both crops the main producer countries' cropland extent with respect to the best-performing crop calendar. Note that the MIRCA2000 dataset is compiled at subnational resolution in countries such as the USA, India, China, and Brazil, and provides national-level information in Russia, Spain, France, Ukraine, Pakistan, and Argentina among others ( ).
. . . . Table S1 Explained variances and RMSE of maize country-level yield anomalies. This table details data for Figure 1 and S1. Simulated yield anomalies are evaluated at country level aggregation against FAO statistics for the four simulations LPJmL-NoWaterStress, LPJmL-Ref, LPJmL-WaterLimIrr, and LPJmL-PHU (details in Table 1 ), based on the coefficient of determination (R 2 , in percent) and Root Mean Square Error (RMSE, unitless). The table lists the main producer countries (accounting for 90% of global maize production, as of the 2000 -2011 mean) and is ordered by best R 2 performance across LPJmL-Ref, LPJmL-WaterLimIrr, and LPJmL-PHU (separating the most weather-sensitive main producers, in accordance with Fig. 1 and S1 ). Statistical significance of the explained variance is indicated through (*) if p-value < 0.1 and (n.s.) otherwise.
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